Because low HDL-C is a known predictor of cardiovascular disease (1, 2) and high levels are protective (3) in adult populations, it follows that low levels in childhood may increase cardiovascular risk at an early age. This is supported by postmortem studies on the formation of atherosclerotic plaques at ages 15-34 y in the Pathologic Determinants of Atherosclerosis in Youth (PDAY) study, in which the size and composition of the plaques were influenced by the HDL-C levels (4) . Decreases in HDL-C occur with increasing BMI in men (5) and women (6) . Also, BMI was inversely correlated with HDL-C in Pima Indian men and women (7) . Because Native American populations are prone to obesity in association with insulin resistance (8, 9) , we investigated whether BMI would influence HDL at a young age.
LpA-I, the lipoprotein particle containing apoA-I and devoid of apoA-II, has previously been shown to protect against atherosclerosis (10 -12). Low apoA-I, contained in both LpA-I and LpA-I:A-II, is also known to be predictive of myocardial infarction (13) . In 5-17-y-old children in Bogalusa, Louisiana, the association between obesity and HDL-C was stronger than with apoA-I and appeared to be secondary to increased triglyceride (14) . This was supported by the observation that increases in triglyceride alter the relative cholesterol content of HDL particles (15) . However, less is known about the potentially atherogenic influence of obesity on HDL-C and the HDL particles.
The Cherokee, like other Native Americans, are at significantly increased risk for type 2 diabetes (8), which is preceded by insulin resistance (9, 16) . Furthermore, the insulin-resistant state occurs in childhood (17) , associated with obesity (18) , which predicts cardiovascular risk in young adulthood (17) . We studied Cherokee children and adolescents aged 5-19 y to Subjects. With permission and collaboration of the Cherokee tribal authorities, 3690 eligible tribal members aged 5-40 y were selected from the rolls of the Cherokee Nation Registration Department. Enrollment is historically based on descent from original members who were enrolled in the early 20th century (19) . Of those who were available for recruitment as previously described (20), 2205 volunteered, representing a participation rate of approximately 60%. The subjects had variable self-reported Native American heritage, which was classified as Ͻ25%, 25-49.9%, 50 -74.9%, 75-99.9%, and 100% (21) . The distribution among the five categories was 16.7%, 22.5%, 28.3%, 20.1%, and 12.4%, indicating that 60.8% had more than 50% heritage. Informed consent was obtained from each subject or his/her legal guardian following approval of the Institutional Review Boards of the University of Oklahoma Health Sciences Center and the Cherokee Nation. There were 935 participants who were aged 5-19 y. The age strata consisted of three groups, aged 5-9, 10 -14, and 15-19 y. Those with diabetes (n ϭ 11, 1 with type 1 and 10 with type 2) or impaired fasting glucose (n ϭ 7) as defined by the American Diabetes Association were excluded from this analysis because hyperglycemia and treatments for diabetes may influence HDL-C. After excluding the 18 subjects, 917 were studied. The prevalence of type 2 diabetes was found to be lower than that reported for the Arizona Pima but higher than in Native American children and adolescents in Manitoba (21, 22) .
Anthropometric measurement. Weight and height were measured using an electronic scale and a stadiometer. BMI was calculated as weight in kilograms divided by the height in meters squared. Duplicate measures of waist and hip circumferences were obtained.
Lipids, apolipoproteins, glucose, and insulin. Fasting plasma specimens were collected for glucose, insulin, lipids, and lipoproteins. An Abbott VPSuper System automatic analyzer and commercial reagents (Abbott Laboratories, Abbott Park, IL) were used to determine levels of glucose, total cholesterol (Roche Molecular Biochemicals, Mannheim, Germany), and triglyceride (Bayer Corp., Elkhart, IN) by enzymatic methodology. HDL-C was measured following the heparin-manganese precipitation procedure of the Lipid Research Clinics Program (23, 24) .
LpA-I and LpA-I:A-II were separated by immunoaffinity chromatography on an anti-apoA-II immunosorber before apoA-I assay (25) . The original volume of whole plasma was retained in the assay, and the quantities of both LpA-I and LpA-I:A-II were expressed in milligrams of apoA-I per deciliter. Insulin levels were determined in the National Institutes of Health core laboratory at the Endocrinology Department, University of Chicago, Chicago, IL. Insulin was measured in serum samples by an overnight competitive double antibody RIA with a modification (26) . HOMA-IR, an index of insulin sensitivity (27) , was computed from the product of insulin (U/mL) and glucose (mmol/L), divided by 22.5.
Data Analysis. The Z score for BMI was derived using National Health and Nutrition Examination survey (NHANES) normal values for BMI for age (http://www.cdc.gov/nchs/data/nhanes/growthcharts/zscore/zbmiage.txt) (28) . Owing to the wide range of values with nonparametric distribution, HOMA-IR values and triglyceride underwent log transformation. Cholesterol, log triglyceride, HDL-C, LpA-I, and LpA-I:A-II were grouped by quartiles for BMI Z score. The values in the BMI Z score quartiles for each of three age brackets (5-9, 10 -14, and 15-19 y) and gender were assessed for change by trend analysis. Pearson correlations were performed to assess relationships between indices of adiposity and lipid and lipoprotein parameters. Multiple regression analysis was performed in three separate models with HDL-C, LpA-I, and LpA-I:A-II as the dependent variables and age, gender, BMI Z score, and HOMA-IR as the independent variables. The independent variables were selected as being potentially associated with HDL-C and the HDL lipoproteins. Because waist circumference correlates with BMI, both were examined as an independent variables in separate models to compare the association of BMI Z score and waist circumference with HDL-C, LpA-I, and LpA-I:A-II.
RESULTS
The means Ϯ SD for BMI, insulin, glucose, lipids, and apolipoproteins are listed in Table 1 . HDL-C for both genders (Figs. 1and 2) decreased successively in BMI Z score quartiles (p Ͻ 0.0001 for trend). Declines in LpA-I and LpA-I:A-II by BMI Z score quartile were less significant ( Table 2 ). There were significant trends for declines in LpA-I and LpA-I:A-II for girls aged 15-19 y (p Ͻ 0.05) and boys aged 10 -14 y (p Ͻ 0.01). LpA-I:A-II also declined in 15-19-y-old boys ( Table 2 ,
Boys showed a significant trend for decline in HDL-C with age group in the first quartile (p Ͻ 0.05 for trend), second quartile (p Ͻ 0.0001), and third quartile (p Ͻ 0.001), but the trend was not evident in girls (Figs. 1 and 2). Similar declines with age in boys occurred for LpA-I (p Ͻ 0.05 for trend in all quartiles) and LpA-I:A-II (p Ͻ 0.05 for trend in the 2nd, 3rd, and 4th quartiles, Table 2 ).
Log HOMA-IR increased for each BMI Z score quartile in each age group for both genders (p Ͻ 0.0001 for trend, Table  3 ). Log HOMA-IR also increased with age in both genders (p Ͻ 0.01 for trend except for girls in the 3rd BMI Z score quartile, Table 3 ).
Correlation coefficients (r) for inverse correlations (p Ͻ 0.001) of HDL-C, LpA-I, and LpA-I:A-II with BMI Z score, waist circumference, and HOMA-IR were higher in boys than girls (Table 4) . Correlation coefficients for waist circumference with HDL-C, LpA-I, and LpA-I:A-II were higher than for BMI Z score in both genders, although the p value remained the same (p Ͻ 0.001).
Multiple linear regression modeling with BMI Z score, log triglyceride, log HOMA-IR, age, and gender as independent variables showed the following (Table 5) : Model 1-With HDL-C as the dependent variable, BMI Z score, triglyceride, and age were significant associations. Model 2-With LpA-I 
DISCUSSION
Decline in HDL-C values with BMI Z score quartiles was significant for all age groups of Cherokee children and adolescents, but declines in LpA-I and LpA-I:A-II were less remarkable. The finding is analogous to a predominant decrease in the cholesterol "load" for the respective lipoprotein "transport vehicles," which remain relatively constant. Adiposity may therefore result in less transfer of cholesterol to the HDL particles. The decreased cholesterol supply could be derived from cells mediated by ABCA1 or from lipolysis of VLDL by lipoprotein lipase and hepatic lipase. Although the ABCA1, located on cell surfaces, has an important role in early HDL formation, it does not contribute to the low HDL-C in subjects with a low HDL-C (29) or with the metabolic syndrome (30) . However, cholesterol efflux from cells via ABCA1 has recently been shown to be responsive to insulin (31) , suggesting that insulin resistance could reduce efflux. Lower LPL activity could result from insulin resistance since it is an insulin-sensitive enzyme requiring insulin to promote synthesis (32) . A decrease in LPL activity results in impaired cholesterol transfer from the non-HDL lipoproteins to HDL during lipolysis (33) . This appears possible even in the youngest age group, aged 5-9 y, since HOMA-IR increased by BMI-Z score quartile for all age groups.
The BMI Z score was also significantly associated with both LpA-I and LpA-I:A-II in multiple regression models, supporting a role for adiposity in influencing the HDL particles. It is of interest that, although HOMA-IR was included in the model, it was not associated with HDL-C or LpA-I, but was inversely associated with LpA-I:A-II. Thus, the HDL particles containing both apoA-I and apoA-II appear to be negatively influenced by insulin resistance. These findings can be explained by increased cholesterol uptake from HDL by SR-BI scavenger receptors, which is known to be selectively greater from LpA-I:A-II particles (34), making them susceptible to degradation. The fractional catabolic rate for apoA-I is increased in cases with insulin resistance (35) but not so for apoA-II (36). However, apoA-II production is considered to be a determinant of LpA-I:A-II (37) but is not different in the insulin-resistant state (36) .
Additionally, multiple regression modeling supported a role for triglyceride in HDL-C lowering (39) . This can partly be attributed to less cholesterol transfer (40) during lipoprotein lipase-induced catabolism of triglyceride-rich lipoproteins (41) as insulin resistance increases. In addition, triglyceride, when elevated, may enrich HDL due to the action of cholesterol ester transport protein (CETP) (42) . HDL then becomes a substrate for catabolism by hepatic triglyceride lipase (43) . However, the relatively lower triglyceride levels compared with levels seen in adults may have been less contributory in this population.
Significant decreases in HDL-C and HDL particles with age occurred in adolescent boys but not in girls and may contribute to enhanced risk for coronary artery disease known to occur in men compared with women (3). This was probably not associated with insulin resistance inasmuch as HOMA-IR increased similarly after age 10 y in both genders, whereas the genderrelated decreases in HDL measures were more evident in boys. Previous observations have shown a decrease in HDL-C for African American and Caucasian boys more than girls during adolescence (44 -46) and a decline mainly occurring in large HDL particles particularly in boys (47) . Gender differences in the age-related changes in HDL particles and HDL-C coin- 
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OBESITY, HDL-C, AND LIPOPROTEIN PARTICLES cided with ages of expected pubertal development. This is supported by the known temporal sequence of changes with gender-specific pubertal onset and progression (48) , suggesting that the changes could be accounted for by sex hormones.
Testosterone levels in mature females remain low and are similar to those in boys during early stages of puberty (49) , but the increased estrogens appear to override the androgen effect on HDL particle degradation. In contrast, boys have an increase in testosterone at age 11 y (50) and the rise continues during puberty (50), coinciding with a continued decrease in HDL. Therefore, testosterone-induced increase in hepatic triglyceride lipase activity (51) may account for the lower HDL-C (52) in boys because HDL 2 is a known substrate (53) . In contrast, the sustained apoA-I levels in adolescent girls can be attributed to the influence of estrogen (54, 55) . Studies in Bogalusa showed that LpA-I was higher in girls than boys from age 14 to 17 y and tended to show a cross-over effect because LpA-I levels in girls decrease before pubertal onset coinciding with adrenal adrenarche, but the levels exceed those in boys at about age 14 y (56). We confirmed that decreases in both LpA-I and LpA-I:A-II occur in both genders during the early pubertal years (56) but that a decrease after age 15 y is more evident in boys than girls.
Because waist circumference has been established as a single measure of visceral adiposity in adults (57) and children (58), we evaluated it as a determinant of HDL cholesterol, LpA-I, and LpA-I:A-II. Good correlation and association in regression modeling support a compounding influence of visceral fat on the tendency to decrease HDL with age. Visceral fat is associated with low HDL-C and hypertriglyceridemia in adults (59) and in adolescents (60) , and men tend to deposit more than women (61, 62) , possibly accounting for increased Table 2 . LpA-I and LpA-I:A-II are arranged in BMI Z score quartiles for 5-9, 10 -14, and 15-19- (61) . It is first acquired in childhood and is proportionate to a general increase in body fat (63) . When present in adolescence, it is associated with postmortem evidence of coronary artery pathology (64), suggesting its importance as a therapeutic target because it is potentially reversible, particularly in men (65) . Comparative ethnic studies in childhood suggest a higher proportion of visceral fat in Caucasians than African Americans (66) , but accumulation in Native Americans appears to be similar to Caucasians (67) . The influence on insulin resistance may be of more significance in Native Americans in view of their predisposition to diabetes.
We conclude that the obesity-related lowering of HDL-C and its constituent lipoproteins begins in 5-9 y olds. However, the effect may not be confined to those of Cherokee origin and should be compared in other ethnic groups. Multiple regression modeling supports a negative influence of adiposity on HDL-C and to a lesser extent on LpA-I and LpA-I:A-II. HOMA-IR was negatively associated with LpA-I:A-II, supporting its role as a cholesterol acceptor from lipoprotein and cellular sources.
The trend for HDL-C, LpA-I, and LpA-I:A-II to decrease with age in boys more than in girls supports a gender-specific effect of puberty. The findings support an emphasis on lifestyle as a means to prevent obesity and insulin resistance in childhood, particularly in populations predisposed to obesity and insulin resistance such as the Cherokee. 
